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[57] ABSTRACT 

Providing a sensitive, prompt, and accurate indication 
of both ventricular fibrillation and monomorphic ven- 
tricular tachycardia is the aim of this invention. The 
invention employs electrical voltage-versus-time signals 
produced by the heart, these observed from two or 
more locations. By well-known signal-processing tech- 
niques, these signals are reduced to pulses of standard- 
ized height and duration, each derived from a promi- 
nent feature of the waveform for each heart period, 
such as its leading edge, in the process eliminating the • 
irrelevant information in the waveform, but retaining 
the feature that is most relevant in the present context, 
namely, its precise time of occurrence. The invention 
then uses further standard electronic techniques to de- 
termine the amount of delay between the^correspondi ng 
pulses in two such pulse gains, J n theHprocess dStin- 
giHsfiihg between monomorphic~ventricular tachycar- 
dia and more benign conditions. It is a further straight- 
forward matter of signal analysis to determine coinci- 
dence rate as a fraction of total pulse rate, which m the 
normal heart approaches unity (100%), while in the 
fibrillating heart is much lower, thus diagnosing ven- 
tricular fibrillation. The present invention is hence able 
to trigger a defibrillating-discharge decision, or a cardi- 
oversion-discharge in the prior case, much more reli- 
ably tiian has been pos^le in the prior art 
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Electrical signals generated by the heart muscle are 

FTORnXATIO N AN D TACHYCARDIA routinely sensed in pacemaker applications. Sometimes 

DETECTION these signals are picked up by the pair of electrodes also 

used for delivering the pacing impulse. Nonnally these 

This application is a file wrapper continuation of U.S 5 electrodes are near the distal end of a catheter that is 

patent ^plication Ser. No. 07/848,147, filed Mar. 9, introdnced intravenously, and positioned at the right- 

1992, now abandoned. ventricular apex. TypicaUy, a tq» ^ectiode is right at 

BACKGROUND OF THE INVENTION SlfJl^L?^ !f *^ * ™^ f"^^ ^ 

tioned about one centimeter away from the end, as 

1. Field of the Invention lo iUustrated in FIG. 1. 

Inq)lantable defibrillator cardioverter systems are the Also shown schematically in FIG. 1 are two addi- 

broad area that this invention concerns, with the spe- tional cdls; electrodes associated with the catheter that 

cific focus being on methods for detecting the presence are for deliveiing a defibrillation shock, one electrode 

of ventricular fibrillation promptly and accurately, and located within the right ventricle, and one at the top of 

for distinguishing fibrillation ftom tachycardias. 15 the right atrmm. Another electrode option for dcfibril- 

2. Description of the Prior Art lation are the epicardial patches illustrated in FIG. 2. In 
A major challenge in the defibrillation art is the either case, the defibrillation electrodes can also be used 

prompt and accurate detection of the ventricular fibril- for picking up electrical heart-waveform signals, in lieu 
lation condition. Fibrillation is the rapid, but unsyn- of or in addition to the two pacing electrodes. In still 
chronized, contraction of heart-muscle elements, caus- 20 another arrangement, one of the defibrillation dcc- 
ing the blood-pumping action of the heart to diminish trodes may serve as a common electrode for several 
seriously or even to cease. It clearly involves a depar- purposes in addition to defibrillation— pacing, simple 
ture from the pulse rate of normal siniis rhythm (NSR), pulse detection, and waveform observation. 
60 to 120 beats per minute, but is not unique in this The shape, or morphology, of the electrical wave- 
respect because other and quite different conditions can 25 form delivered by the heart changes with the onset of 
also cause pulse-rate departures from NSR. The chal- fibrillation. But these changes, imfortunately, are nei- 
lenge thus is to define a reliable criterion for identifying ther conmtent enough nor pronounced enough to serve 
the condition of ventricular fibrillation. Pulse rate alone as unsupported fibrillation criteria. One change is a 
is not a dependable criterion, even though it is often tendency toward an erratic pulse (variable intervals 
used for the purpose. Lacking a reliable criterion, there 30 between heartbeats), known commonly as a departure 
are the twin hazards of failing to detect the onset of from rate stability. Another change is a tendency for 
fibrillation, and of applying a fibrillation shock when heart voltage to be zero for a smaller fraction of the 
such treatment is not appropriate. The first of these time, or a change in what is commonly described as the 
lapses is fatal, and the second is painful and disconcert- probability distribution function. That is, the signal 
ing, as well as potentially dangerous. Furthermore, the 35 dwells near the baseline for a smaller firaction of the 
latter event represents a waste of precious and limited cardiac period. 

energy in the case of an implanted defibrillation system. Because pulse observation is straightforward, a num- 
Conditions distinct from ventricular fibrillation that ber of other features of simple pulse rate have been 
involve a rapid pulse, above 120 per minute, are identih brought into use in an effort to improve the accuracy of 
fied by the generic term tachycardia. Further compli- 40 fibrillation detection. Among these are rate accelera- 
cating the picture, however, is the fact that there are tion, and time at a particular rate. But these indicators 
difTerent kinds of tachycardia. Monomorphic ventricu- are equivocal, and consequently not even this elaborate 
lar tachycardia (MVT) involves degraded coordination method avoids ''overlap" with the aggregate behavior 
in the contraction of the ventricle^ but not the chaotic of these pulse features in a heart functi<ming nonnally, 
bdiavior found in fibrillation. It is a hazardous condi- 45 or fmictioning in a manner such that a shock is not 
tion, and can be treated effectively in many cases by helpful. The monitoring of completely different vari- 
cardioversion, a shock with energy in the ndghborhood ables, such as blood pH, pressure, and oxygen saturation 
of one joule, significantly less than is used m a typical are subjects of current research, but have not yet 
defibrillation procedure. reached clinical application. Hence, the present mven- 
Second, the condition of supraventricular tachycar- 50 tion seeks to exploit information already parfly ddiv- 
dia (SVT) involves better coordination than MVT and ered by existing systems, but thus Car unused, 
is usually not life-threatening. Since its origin is above tyrrx^M * « v r^r^rr^^y^^^^ 
tiie ventricular region, it does not respond to the most SUMMARY OF THE INVENTION 
common cardioverter-defibrillator kinds of treatment The general purpose of the present invention is to 
that focus their energy delivery on the ventricular re- 55 provide a clearer and more reliable indication of the 
gion. A type of SVT, known as sinus tachycardia, is onset of ventricular fibrillation and monomorphic vcn- . 
caused by emotional or physical stress, and pumping tricular tachycardia than has been available in the prior 
action remains normally efficient so no intervention is art A particular problem in prior art methods that em- 
necessary or desirable. ploy the sensing of electrical signals generated by the 
Thus, the diagnostic challenge is to distinguish 60 heart muscle for this purpose is the local nature of the 
among three conditions or sets of conditions: (1) Inter- observation, which increases the tendency of a signal 
vention is either not needed or not effective in the set from a heart in fibrillation to appear quasinormal. Be- 
comprising the conditions of normal sinus rhythm, sinus cause the primary attribute of fibrillation is a lack of 
tachycardia, and supraventricular tachycardia. (2) A contraction coordination, or synchronism, in various 
comparatively low-energy shock is appropriate in the 65 parts of the heart, simultaneous observations at two or 
case of monomorphic ventricular tachycardia. (3) A more sites will yield a clear advantage, 
high-energy defibrillation shock is indicated in the case One element of the present invention, therefore, is the 
of ventricular fibrillation. collecting and comparing of data from two or more 
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infonnatioD channels connected to the heart This can or 34 and 36 in FIG. 2. A Car-field signal Nvill be derived 

be accomplished, for example, by using the two pairs of from the defibriUation electrodes, such as 18 and 20 or 

electrodes shown in FIG. 1, or the two pairs of elec- 18 and 24 in FIG. 1 and 40 and 42 in FIG. Z In one case 

trodes in FIG. 2. In either case, these four electrodes the defibrillatiQn electrodes are epicardial patches, such 

can be reduced to three, with one serving as a common 5 as 40 and 42 in FIG. 2. In another case they will be a 

electrode. Even &rther advantage could be gained by coil such as coil 18 in FIG. 1, and the housing of a 

going to three independent signals, derived, for exam- pectoiaOy implflnred defibrillator-cardioverter module, 

pie, from the pairs labeled B and C in FIG. 3 in addition The fact that the delay between the near-field and t he ^ / / 

to the pacing pair labeled A. Still another variation on f ar-field signals increases in the condition of monom or- 1^ ^ 

the present invention would use one or more subcutane- 10 p hic ventncular tachycardia is helpful in distinguishing -ft^t^Uy 

ous-patch electrodes, or else the housing of the defibril* among the several tachycardias. [A. J. camm, etlST, 

lator module) in concert with the kinds of electrodes 'Tachycardia Recognition by Implantable Electronic 

already desciibed. Devices" PACE, Vol. 10, Sep.-^ct., 1987] It has also 

A second element of the present mvention is reducmg been observed for the MVT condition that an increase 

the sensed waveform signal to a succession of digital IS m delay occurs between two near-field signals taken 

pulses equivalent to one another in height and duration, from separate sites m the heart [A. D. Mercando and S. 

and differing only in time of occurrence. Each digital Furman, ''Measurement of the Differences in Timing 

pulse can be triggered by some well-defined feature of and Sequence Between Two Ventricular Electrodes as 

the waveform, such as a leading edge, a primary maxi- a means of Tachycardia Differentiation," PACE, Vol. 9, 

mum, or a trailing edge. Once chosen, however, the 20 p. 1069, 1986.] 

triggering feature is constant in the system. The first In the case of one preferred embodiment, a pulse train 

option, leading-edge triggering, is illustrated in FIG. 4. is triggered by the leading edges of signals from far-field 

Let the balance of this discussion be simplified by defibrillating electrodes, and a delayed pulse train is 

assuming that only two electrode pairs are being used. triggered by the leading edges of signals from the near- 

The extension to a larger number of pairs will be evi- 25 field pacing electrodes. Our best information is that the 

dent. Each pair of electrodes will deliver a continuous time shift is stable and is smaller than 20 milliseconds for 

electrical signal, voltage versus time. Each signal wiU (1) the cases of normal sinus rhythm, sinus tachycardia, 

be converted into a train of uniform digital pulses. The and other supraventricular tachycardias. For (2), the 

next key element in the present invention, then, is to case of monomorphic ventricular tachycardia, the time 

examine the time relationship of corresponding pulses. 30 shift is greater than 20 milliseconds, and is still stable. 

In the general case, the corresponding digital pulses will But in (3), the case of ventricular fibrillation, the time 

be displaced from one another in time. In principle, shift, if it can be observed, is fleeting and variable, 

then, the balance of the process in the present invention which is to say, unstable, as is illustrated in FIG. 6. 

is to examine (a) t fee magnitude of the temporal dis- Thus, the three-way identification of conditions that 

pla cement, or dela ^^ and (b) the stability of the delay. 35 require fundamentally different treatment protocols can 

Mo'dem microelecCrbmcs makes it possible to carry out be established. 

such procedures quickly and inexpensively. Although A significant variation on the embodiments described 

the design of a system to accomplish this is nontrivial, above does all of the signal processing with the stan- 

the principles involved are straightforward. dardized pulses. In this embodiment a clock is em- 

At this point it is helpful to discuss some electrode 40 ployed, one having a period small compared to that of 

options and the kinds of waveforms they typically de- the heart. Note that a 1 -millisecond or 0.1 -millisecond 

liver. Electrodes such as those at the end of a pacing clock period meets this description, even though such a 

lead can be described as a local or near-field arrange- period is long by today's standards of digital signal 

ment They sense the local passage of an activation processing. Each standardized pulse is then assigned to 

wavefront, and since the electrodes are about one centi- 45 the nearest clock period. An advantage of processing 

meter apart, the resultmg signal is of fairly short dura- the pulse train m lieu of processmg the signal coming 

tion. By contrast, one can observe £ar-field or ''global" directly from the heart is that'8ihif% registers can be used 

signals by employing electrodes that are (a) more as delay Hnes, a precise and economical technique, or 

widely spaced, or (b) larger. In the global case, more microprocessor can be used. Then, if desired, a logical 

averaging takes place, and the waveform typically has 50 AND gate can be used to establish the comcidence of 

both a lower amplitude and an expanded duration, such pulses from two channels. 

as waveform illustrated in FIG. 5. The reason is that the One significant aspect and feature of the present in- 
far-field electrodes observe and average signals coming vention is the reduction of cardiac electrical signals to 
from a larger portion of the heart. As a result of this standardized digital-pulse form so that pulse timing 
relationship between near-field and far-field signals, one 55 (time of occurrence) is the only remaining information 
can be assured that a digital signal triggered by the in the signaL *\ 
leading edge of the latter signal wUl usually lead that Another significant aspect and feature of the present ^ 
triggered by the leading edge of the local or near-field invention is the comparing of the occurrence times of / 
signal. This is also illustrated in FIG. 5, with the amount two or more standardized signals emanating from two ^ 
of the delay being labeled At. That is, activation any- 60 or more locations on the heart muscle, 
where in a large region ofthe heart will be sensed by the Still another significant aspect and feature of the 
global electrodes, with a high probability of conmienc- present invention is observing the occurrence rate of 
ing before the local signal is sensed. Thus, in these dr- the coincidence of pulses from two or more different 
cumstances, the pulse train derived from the global channels as a fraction of pulse rate in a single channeL 
electrodes will be fed into the delay line. 65 Yet a further significant aspect and feature of the 
In a preferred embodiment of the present invention, a present invention is observing the delay between corre- 
near-field signal will usually be taken from the tip and spending pulses in standardized digital-pulse trains de- 
ring electrodes 14 and 16 of the pacmg lead, in FIG. 1 rived from two or more different pairs of electrodes. 
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Still another significant aspect and feature of the two or more different channels as a fraction of pulse 

present invention is observing whether the delay ex- rate in a single channel 

ceeds or does not exceed 20 milliseconds. Still another object of the present invention is to 

Another significant aspect and feature of the present employ digital signal-processing techniques for conve- 

tnvention is doing the bulk of the necessary sigxial pro- 3 nience and economy in providing variable. delays and 

cessing with the standardized pulses derived from the coioddence determinations. 

"^trS.Si^iSandfeatureof thepresent «^ DESCRIFnON OF 7«E DRAWINGS 
invention is using two pacing electrodes and two inde- Other (Ejects of the present invention and many of 
pendent defibrillation electrodes to provide two inde- attendant advantages of the present invention will 
pendent dectrical signals, where aU these four dec- ^ readily appreciated as the same becomes better un- 
trodes are assorfatfxi with a smgle pacemaker-defibriUa- derstood by reference to the following detailed descrip- 
tor catheter. when considered in connection with the accompa- 
Still another significant aspect and feature of the nying drawings, in which like reference numerals desig- 
present invention is using three such electrodes^ with nate like parts throughout the figures thereof and 
one serving in common, to provide two independent wherein: 

electrical signals, where all these electrodes are associ- ^ illustrates schenaatically the heart with a pace- 

ated with a single pacemaker-defibrillator catheter. makerrdefibrillator catheter inserted through the supe- 

A ftirther significant aspect and feature of the present vena cava and into the right atrium and right ven- 

invention is using two pacing electrodes and two inde- ^ and also an associated subcutaneous-patch elcc- 

pendent epicardial-patch defibrillation electrodes to ^ .„ ^ . . « . ^ 

provide two independent electrical signals. mG.2iUns»ite8 8cheinaticdly theheart withapace- 

StiD another rignificant aspect aiTfartnre of the T eptcardial-patch 

present invention is using three s«wh electrodes, with * FXO.fiuSJS schematically the heart with pacing 

one servmg m common, to provide two mdependent , utuauau^ Dwunuauwouj uic wwi. wiui pwM^ 

el^^d^^J^h^ ^ mucp«iucii* electrodes on a catheter m place, and also two addi- 

V* ^so^ . ^ jr r*i. tional pairs ofepicardial-pace/sense electrodes in place; 

Yet another significant aspect and feature of the pres- . «™oite ♦u^ JIX^^i ^k*«;«^^ *v.L 

ent invention Tv^g one or more epicardial-patch FIG. 4 presets the eled^cal signdobtam^ 

1 ZlT • ... r pacemaker catheter m FIG. 2, and the standardized 

electrodes m an ass<mibly provid^ 3^ ^ ^^^^^ ^^^^ ^ 

nds of mformaton from the heart leading edge of each repeated vv^veform; 

An even further significant aspect and future of the pj^. 5 presents for the normal heart, the local signal 

""^Jf ^^^^"^ - from the pacemaker catheter in FIG. 2 and the global 

patdidecttodesmthcass^ signal derived from the epicardial-patch dectrodes in 

channels of infonnauon from the heart 33 pjQ 2* 

Still another significant aspect and feature of the pia 6 presents for the fibriliating heart, the local 

present mventoon is usmg one or more endocardial-cofl derived from the pacemaker catheter of FIG. 2 

electrodes m the assembly providmg two or more Chan- ^nd the standardized pulses derived from its leading 

nels of information from the heart. edges, as weU as the global signal derived from the 

Having thus described the embodmients of the pres^ 4Q epicardial-patch dectrod^ in FIG. 2 and the standard- 

ent invention, it is a principal object hereof to provide a p^jses derived from its leading edges; 

clearer and more reliable indication of the onset of ven- piG. 7 illustrates a block diagram for pulse correla- 

tricular fibrillation than has been available in the prior (jQ^ control; and, 

art. PXG. 8 illustrates a flow chart for the timing and logic 

One object of the present invention is to distinguish 45 circuitry, 
reliably among ventricular fibrillation, monomorphic 

ventricular tachycardia, and a set of conditions com- DESCRIPTION OF THE PREFERRED 

prising normal sinus rhythm, sinus tachycardia, and EMBODIMENTS 

other supraventricular tachycardias. fig. 1 illustrates various electrode options 10, com- 

Another object of the present invention is to compare 50 prising a conventional pacemaker-defibrillator catheter 

dectrical signals taken from the heart by means of two 12 carrying bipolar pacing dectrodes 14 and 16, and 

or more dectrode pairs that may or may not be indepen- two defibrillating dectrodes 18 and 20, with dectrode 

dent 18 in its normal position within the right ventricle 19, 

Yet another object of the present mvention is to make and dectrode 20 within the right atrium 21» of the heart 

diagnostic comparisons in terms of standardized digital 55 22» and with a subcutaneous-patch dectrode 24 also 

pulses derived from electrical signals taken from the present; the catheter 12 can also be positioned with at 

heart by means of electrode systems. least one electrode in the superior vena cava 2d, as well 

Still another object of the present invention is to as in the nearby coronary sinus tiiat csnnot readily be 

observe standardized-pulse correlations. represented in this particular cross-sectional ^Sagrfltii of 

Another object of the present invention is to observe 60 the heart 22. 

the presence or absence - of any systematic delay be- FIG. 2 illustrates prior art dectrode options 30, com- 

tween corresponding pulses in trains of standardized prising a conventiond pacemaker lead 32 carrying bip<y 

pulses. lar pacing electrodes 34 and 36 in their normd positions 

Yet another object of the present invention is to use widiin the heart 38, and also two epicardial-patch defi- 

dectrodes for multiple purposes, mcluding pacing, sens- 65 brillating dectrodes 40 and 42 attached to the heart 38 

ing, cardioversion, and defibrillation. in normd fashion. 

A further object of the present mvention is to observe FIG. 3 illustrates schematically other electrode con- 

the occurrence rate of the coinddence of pulses from figurations 50 comprising a conventiond pacing cathe- 
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ter 52 carrying bipolar pacing electrodes 54 and 56 in two or more channels. One or two epicardial-patch 

combination with a first additional pair of epicardial- electrodes can be used to realize an additional channel, 

patch electrodes 58 and 60, and a second additional pair The same is true of one or two endocardial-coils and 

of epicardial-patch electrodes 62 and 64, these several one or two subcutaneous-patch electrodes. The housing 

electrodes positioned in and on the heart .66. Signals are S of the defibrillator-cardioverter module can also be 

sensed at conductor pair A for electrodes 54 and 5<s at ' used as one of the for-field electrodes, 

pair B for ^icardial electrodes 62 and 64, and at pair C The present invention aims to provide a sensitive, 

for epicardial electrodes 58 and 60. prompt, and accurate indication of the onset of vent^ c- 

FIG. 4 presents electrical signals 70, voltage versus uJar fihrillgrinn^ and nrmnnnm ^hin^g^ fipniilartanhv. 

dme, of the present invention, comprising the signal 72 10 cardjaTlging trigK&^^to_appiy these me thods by any 

observed from the normal heart with pacing electrodes, departure from normal sinusjchvth m inlEgTbual range. ^ 

the stan d a r dized-pulse signal 74 derived firom it by leadr 60 ^toT20pSr minn tc. It o^ite the most prominent V""^ 

ing-edge sensing. feature of the hbriltation condition, the absence of coor- 

FIO. 5 presents the dectiical signals 80, voltage ver- dinated or synchronous contraction by the various ele- 

sus time, from the normal heart, comprising the near- 15 jngnts of the heart muscle. The invention observes elec- 

field signal 82 observed with the pacing electrodes 34 t^cal voltage-versus-time signals from two or more 

and 36^of FIG. 2, and the far-field ^gnal 84 observed locations on or in the heart. By well-known signal-proc- 

^^^^^f'^^^^K essing techniques, these signals are reduced to pulses of 

and 42 of FIG^ 2, as we 1 as the standardized digital standardized height and duration, ea ch derived from a 

pulse 86 denved from the leadmg edge of the waveform 20 promine nt feature of the waveformT or each heart pe ^ - 

m the near-fieW signal 82 and itfaTsucgi Tits leadin g ed ge or its primary maxim m^ Tin 

pulse 88 denved from Ae leading edge of Oie wavefonn fie process eliminatfa it ^ irrdev Sfoi^a^ in l ^ie 

of the far-field s.gn^ 84^ and finally the time dday 90 .^g^g-Tbut retainMg the feature that is most rele- 

between the standardized digital pulses 86 and 88. . . »• . . . i. 

TTTn v^itor,^ -^K ^ prcscut coutcxt, namely, its precise time of 

FIG, 6 presents the electncal si^ 100, volt^e 25 o^^nce. The invention then i^es fiither standard 

versus tune, from the fibnllatmg heart, compnsmg the w*-*'""^'^^ luyaw-iwu u«u i»«> iiu smuumu 

near-field signal 102 observed with the pricing elec dectromc techniques, especially counters, for the pur- 

trodes 34 and36 of FIG. 2, and the standardized-digital- ^ ^fTT^ f ^^^^ ^elay between the 

pulse train 104 derived from the leading edges of the ^ of sty dardizrf^pu^ the amount of 
waveforms in the near-field signal 102, as weU as the 30^^ permits a distmction between mononiorphic ven- 

far-field signal 106 observed with the epicardial-patch tn cular tachyca rdia, for which a low-energy sHock (or 

electrodes 40 and 42 of FIG. 2, and the standardized- caroioversionTirtn order, and other conditions of tach- 

digital-pulse train 108 derived from the leading edges of V^^^ * ^ unnecessary or unhelpful, 

the waveforms of the far-field signal 106, showing the ^h^' P^^^^^^ invention is able to trigger a cardiov- 

lack of correlation between the puis© of the standard- 35 ersion-discharge decision more reliably than has been 

ized-digital-pulse train 104 and those of the standard- possible in the prior art 

ized-digital-pulse train 108. ^® assessment of pulse coincidence, or simultaneity, 

FIG. 7 illustrates a block diagram 109 for pulse corre- ^ matter of standard electronic technique. And it 

lation control where all numerals correspond to those » ftirther straightforward matter of signal analysis to 

elements previously described. The local signal 82 and 40 determine coincidence rate as a fraction of total puls e 

global signal 84 each have independent amplifiers 110 rate.In the'nSimal heart, this fraction approacnes umiy 

and 112. The amplifiers 110 and 112 increase the signal (100%)* while in the fibrillating heart, it can be expected 

amplitudes from as low as 100 microvolt to above 1 to be much lower. Thus, the present invention is able to 

volt. Each amplified signal is then fed into its respective trigger a defibrillating-discharge decision much more 

pulse detector 114 and 116 which issues a digital pulse 45 reliably than has been possible in the prior art. 

when .a predetermined feature, such as a leading edge, Various modifications can be made to the present 

of a cardiac signal, is detected. Timing and logic cir- invention without departing from the apparent scope 

cuitry 118 measures the relative tuning between the two hereof, 

pulse indications and declares the heart to be in a panic- We claim: 

ular one of the several conditions comprising normal 50 1* (Twice Amended) An improved fibrillation and 

sinus rhythm, supraventricular tachycardia, monomor- tachycardia detection sjnstem for a cardioversion-defi- 

phic ventricular tachycardia, and ventricular fibrilla- brillation system inclu ding means for detect ing whether 

tion. a patient's heart islni' a normal cardiaicihyt hm or an 

FIG. 8 illustrates a flow chart 120 for the tinging and abnormal cardiac rhythm and, m response to detection 

logic circuitry 118 where all numerals correspond to 55 of an abnormal cardiac rnyinm,'ineans for automatically 

those elements previously described. delivering an electrical countershock therapy of greater 

^M^rs^r^ ^nr^T^ ry^^i^r 1.0 joulcs of electTical energy to treat the 

MODE OF OPERATION abnormal cardiac rhytiiun, the improvement compris- 

Substantial variety in the choice of electrodes is avail- . ing: 

able for the purpose of creating two or more channels of 60 local detection means for sensing a local electrical 

information on the electrical activity of the heart, signal representing cardiac activity in one of a 

which is one essence of the present invention. For ex> plurality of local areas of the patient's heart, each 

ample, conventional pacing electrodes on a standard local area having a local electrical signal; 

pacemaker catheter can constitute one channel. Con- global detection means for sensing a global electrical 

ventional defibrillator electrodes on the same or a dif- 65 signal representing cardiac activity in a global area 

ferent catheter can constitute a second channel. Two of the patient's heart, the global area including the 

channels can also be achieved by using three electrodes, plurahty of the local areas such that the global 

by letting one of the foregoing electrodes be common to electrical signal represents an electrical average of 
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the local electrical signals of the plurality of local 
areas; 

means for successively measuring a delay value be- 
tween a first time when the local electrical signal 
meets a predetermined trigger criteria and a second 
time when the global dectrical signal meets the 
predetermined trigger criteria; 

means for storing and comparing a series of the delay 
values to detect whether the patient's heart is in the 
abnormal cardiac rhythm and should be treated by 
the cardioversion defibrillation system or whether 
the patienf s heart is in the normal cardiac rhythm 
and should not be treated by the cardioversion 
defibrillation system. 

2. The detectian system of daim 1 wherein the global 
detection means comprises at least one far-field elec- 
trode. 

3. The detection system of claim. 2 wherein the far- 
field electrode is an epicardial-patch electrode. 

4. The detection system of claun 2 wherein the far- 
field electrode is a st^cutaneous-patch electrode. 

5. The detection system of claim 2 wherein the far- 
field electrode is an implanted housing which houses 
the cardioversion defibrillation system as an implant- 25 
able device. 

6. The detectian system of claim 1 wherein the means 
for storing and comparing comprises: 

means for storing the series of delay values; 
means for determining a mean for the series of the 30 
delay valuer 

means for determining a standard deviation for the 
series of the delay values; 

means for indicating detection of a ventricular fibril- 
lation if the standard deviation is greater than a first 35 
predetermined value, the ventricular fibrillation to 
be treated by delivery of a defibrillation counter- 
shock therapy; and 

means for indicating detection of a monomorphic 
tachycardia if the mean is greater than a second ^ 
predetermined value, the monomorphic tachycar- 
dia to be treated by delivery of a cardioversion 
countershock therapy. 

7. The detection system of claim 1 wherein the means 
for successively measuring comprises: 

first pulse detector means for generating a first digital 
pulse when the local electrical signal meets the 
predetermined trigger criteria; 

second pulse detector means for generatiiig a second 
digital pulse when the global electrical signal meets 
the predetennined trigger criteria; and 

means for measuring a time period between the first 
and second digital pulse to generate the delay 
value. 55 

8. The detection system of claim 7 wherein the means 
for measurixig the time period comprises a clocked shift 
register. 

9. The detection system of claim 7 wherein the means 
for measuring the time period comprises a clocked $q 

counter. 

10. The detection system of claim 7 wherein the 
means for storing and comparing comprises: 

means for delaying the first digital pulse by a prede- 
termined amount such that a delayed first digital 65 
pulse and the second digital pulse are comddent 



when the patient's heart is in the normal cardiac 
rhythm; 

means for sensmg the coincidence over the series of 
the 'delays between the delayed first digital pulses 
and the second digital pulses to detect whether the 
patient's heart is b a ventricular fibrillation; and 
means for determining if an average of the time peri- 
ods over the series of delays is greater than a piede- 
termined value to d^ect whether die patienf s 
heart is in a monomorphic tachycardia. 

11. The detection system of claim 1 wherein the local 
detection means comprises a pair of pcnnt electrodes 
spaced apart from one another by less than about 1 
centimeter and the global detection means comprises a 
pair of point electrodes spaced apart from one another 
by greater than about 1 centimeter. 

12. A method of fibrillation and tachycardia detec- 
tion for a cardioversion-defibrillation device capable of 
automatically delivering an electrical countershock 

20 therapy of greater than 1 .0 joules of electrical energy to 
treat a patient's heart in response to detection of an 
abnormal cardiac rhythm, the method comprising the 
device-implemented steps of: 

(a) providing a local electrical signal representing 
cardiac activity in one of a plurality of local areas 
of the patient's heart, each local area having a local 
electrical signal; 

(b) providing a global electrical signal representing 
cardiac activity in a global area of the patient's 
heart including the plurality of local areas such that 
the global electrical signal represents an electrical 
average of the local electrical signals of the plural- 
ity of local areas; 

(c) detecting when either the local electrical signal or 
the global electrical signal meet a predetermined 
trigger condition and starting a delay timer, 

(d) detecting when the one of either the local electri- 
cal signal of the global electrical signal not de- 
tected in step (c) meets the predetermined trigger 
condition and stopping the delay timer; 

(e) storing a delay value from the delay timer for each 
of a series of trigger condition^ 

(f) comparing the series of delay values to detect 
whether the patient's heart is in the abnormal car- 
diac rhythm and should be treated by the cardio- 
version defibrillation system or whether the pa- 
tient's heart is in the normal cardiac rhythm and 
should not be treated by the cardioversion defibril- 
lation systenL 

13. The method of claim 12 wherein step (f) com- 
prises: 

(fl) determining a mean for the series of tiie delay 

values; 

(f2) determining a standard deviation for the series of 

the delay values; 
(£3) indicating detection of a ventricular fibrillation if 
the standard deviation is greater than a first prede- 
termined value, the ventricular fibrillation to be 
treated by delivery of a defibrillation countershock 
therapy; and 

(f4) indicating detection of a monomorphic tachycar- 
dia if the mean is greater than a second predeter- 
mined value, the monomorphic tachycardia to be 
treated by delivery of a cardk}version counter- 
shock therapy. 

« • * * « 
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